Screening of Anti-Mycobacterium smegmatis strains and Study on the Metabolites of Three Positive Strains by 叶芳文
学校编码：10384                               分类号      密级       
学    号：21720081152546                                  UDC        
 
硕  士  学  位  论  文 
抗耻垢分支杆菌活性菌株筛选和三株阳性
菌株代谢产物的研究  
Screening of Anti-Mycobacterium smegmatis strains and 
Study on the Metabolites of Three Positive Strains 
 
叶 芳 文 
 
指导教师姓名：沈 月 毛   教 授 
徐 庆 妍 副 教 授 
专  业 名 称：微  生  物  学 
论文提交日期：2011 年 月   日 
论文答辩时间：2011 年 月   日 
学位授予日期：2011 年 月   日 
 
 
答辩委员会主席：黄耀坚 教授    
评    阅    人：            
 



















另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的

































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 








                             声明人（签名）： 


















常用英文缩写词 ........................................................................................................ IV 
1 前言.............................................................................................................................1 
1.1 结核病的传播和防治现状 ....................................................................................1 
1.2 抗结核药物研究进展 ............................................................................................2 





1.2.2 抗结核化合物研究进展 ...................................................................................13 
1.3 本课题的研究目的、内容、意义 ......................................................................19 
2 材料和方法 ..............................................................................................................20 
2.1 材料........................................................................................................................20 
2.1.1 常用培养基 ........................................................................................................20 
2.1.2 菌株来源 ...........................................................................................................22 
2.1.2.1 抗菌活性定指示菌.........................................................................................22 
2.1.2.2 抗肿瘤活性选用肿瘤细胞株.........................................................................22 
2.1.4 常用试剂 ...........................................................................................................22 
2.1.4.1 抗生素和抑菌剂.............................................................................................22 
2.1.4.2 抗肿瘤活性测定试剂.....................................................................................22 
2.1.4.3 TLC 常用显色剂...............................................................................................23 
2.1.5 主要试剂及耗材 ...............................................................................................23 
2.1.6 主要仪器 ...........................................................................................................23 
2.2 方法.......................................................................................................................24 















2.2.2 放线菌发酵方法 ................................................................................................25 
2.2.2.1 固体发酵方法..................................................................................................25 
2.2.2.2 液体发酵方法.................................................................................................25 
2.2.3 放线菌发酵粗提物制备方法 ............................................................................26 
2.2.4 抗菌活性测定方法 ............................................................................................26 
2.2.4.1 抗菌活性的测定..........................................................................................26 
2.2.5 抗肿瘤活性测定方法——MTT 法 ..................................................................27 
2.2.5.1 肿瘤细胞传代培养.........................................................................................27 
2.2.5.2 抗肿瘤活性测定.............................................................................................27 
2.2.6 化合物抗耻垢分支杆菌 MIC 测定方法 ..........................................................28 
2.2.7 天然产物的分离纯化 ........................................................................................29 
2.2.7.1 薄层层析（TLC） ..........................................................................................29 
2.2.7.2 反相硅胶（RP-18)层析 ..................................................................................30 
2.2.7.3 凝胶柱 Sephadex LH-20 层析 ........................................................................30 
2.3.7.4 正相硅胶柱层析..............................................................................................31 
2.2.8 化合物的结构鉴定 ............................................................................................31 
2.2.8.1 核磁共振谱（NMR）分析 ............................................................................31 
2.3.8.2 质谱（MS）分析............................................................................................31 
3 结果与分析 ..............................................................................................................32 
3.1 活性菌株的初筛 ...................................................................................................32 
3.1.2 初筛菌株的其他生物活性................................................................................34 
3.2 Amycolatopsis sp. LZ149 代谢产物的分离纯化和化合物鉴定 ........................36 
3.2.1 LZ149 的发酵 ....................................................................................................36 
3.2.1.1 发酵培养基的选定..........................................................................................36 
3.2.1.2 发酵时间的确定.............................................................................................36 
3.2.2 LZ149 粗提物的反相硅胶（RP-18)层析 ........................................................37 
3.2.3 LZ149 RP-18 层析 30%MeOH 组分的分离纯化...........................................39 















3.2.3.2 LZ149 RP-18 层析 30%MeOH 组分 Fra.2 的分离.......................................41 
3.2.3.3 LZ149 RP-18 层析 30%MeOH 组分 Fra.4 和 Fra.6 的分离 .........................41 
3.2.4 LZ149 RP-18 层析 50%MeOH 洗脱组分的分离纯化...................................42 
3.2.5 LZ149 的第二次发酵和分离纯化 ....................................................................43 
3.2.6 LZ149 分出的单体化合物的分析 ....................................................................45 
3.2.7 LZ149 中分出的化合物的鉴定 ........................................................................47 
3.2.7.1 化合物 Y3-2 ....................................................................................................48 
3.2.7.2 化合物 Y3-1 ....................................................................................................50 
3.2.7.3 化合物 Y6-1 ....................................................................................................51 
3.2.7.4 化合物 149-1 ...................................................................................................52 
3.2.7.5 化合物 Y1-1 ....................................................................................................52 
3.2.7.6 化合物 149-2 ...................................................................................................53 
3.2.8 LZ149 分出的单体化合物生物活性分析 ........................................................55 
3.3 Nocardiopsis sp. LZ43 代谢产物的分离纯化和单体化合物鉴定.....................56 
3.3.1 LZ43 的发酵 ......................................................................................................56 
3.3.2 LZ43 的分离纯化 ..............................................................................................56 
3.3.3 LZ43 中分出的单体化合物的分析 ..................................................................59 
3.3.3.1 化合物 43-1 ....................................................................................................60 
3.3.3.2 化合物 43-2 ....................................................................................................61 
3.3.3.3 化合物 43-3 ....................................................................................................63 
3.4 Micromonospora sp. LJXA88 代谢产物的分离纯化和代替化合物鉴定.........66 
3.4.1 A88 的发酵 .........................................................................................................66 
3.4.2 A88 的分离纯化.................................................................................................66 
3.4.3 A88 中分出的单体化合物的分析.....................................................................69 
3.4.4 A88 中分出的单体化合物的鉴定.....................................................................70 
3.4.4.1 化合物 A88-5 .................................................................................................71 
3.4.4.2 化合物 A88-6 .................................................................................................74 















































Abstract in English.................................................................................................III 
Abbreviations ............................................................................................................V 
1. Preface .................................................................................................................... 1 
1.1 The control and spread status of TB ....................................................................... 1 
1.2 Progress in anti-TB drugs ....................................................................................... 2 
1.2.1 Progress in screening methods.......................................................................... 2 
1.2.1.1 Traditional activity-derived screening from natural products........................... 2 
1.2.1.2 From gene to new compounds screening ........................................................ 4 
1.2.1.3 Improving from existing drugs ......................................................................... 7 
1.2.1.4 Chemoinformatics-based screening approach ................................................ 12 
1.2.2 Progress in anti-TB drugs ............................................................................... 13 
1.3 Purpose, contents and significance of this thesis .................................................. 19 
2. Materials and Methods ..................................................................................... 21 
2.1 Materials ............................................................................................................... 21 
2.1.1 Mediums ........................................................................................................... 21 
2.1.2 Strain source .................................................................................................... 23 
2.1.2.1 Indicator bacterias for antibacterial activity ................................................... 23 
2.1.2.2 Tumor cell lines for anti-tumor activity ........................................................ 23 
2.1.4 Agents................................................................................................................ 23 
2.1.4.1 Antibiotics and antibacterial agents ................................................................ 23 
2.1.4.2 Anti-tumor activity reagents ........................................................................... 24 
2.1.4.3 TLC chromogenic reagents............................................................................. 24 
2.1.4.4 Strain identification reagents ........................................................................ 24 
2.1.5 Main reagents and disposable materials ........................................................ 25 
2.1.6 Main instruments ............................................................................................. 25 















2.2.1 Experimental procedure .................................................................................. 25 
2.2.2 Actinomycetes fermentation methods ............................................................ 26 
2.2.2.1 Solid fermentation........................................................................................... 26 
2.2.2.2 Liquid fermentation ........................................................................................ 26 
2.2.3 Preparation of crude extracts ......................................................................... 27 
2.2.4 Methods of bioassay of antibacterial activity ................................................ 27 
2.2.4.1 The bioassay of antibacterial activity.............................................................. 27 
2.2.5 The bioassay of anti-tumor activity——MTT method ................................. 28 
2.2.5.1 Subculture of tumor cells ................................................................................ 28 
2.2.5.2 The bioassay of anti-tumor activity ................................................................ 28 
2.2.6 Anti-M.s MIC determination of compounds. .................................................... 29 
2.2.7 Isolation and purification of natural products .............................................. 30 
2.2.7.1 Thin layer chromatography (TLC).................................................................. 30 
2.2.7.2 Reverse phase silica gel column chromatography .......................................... 31 
2.2.7.3 Sephadex LH-20 column chromatography ..................................................... 31 
2.3.7.4 Silica gel column chromatography ................................................................. 32 
2.2.8 Structure elucidation ....................................................................................... 32 
2.2.8.1 NMR ............................................................................................................... 32 
2.3.8.2 MS................................................................................................................... 32 
3. Results and Analysis ......................................................................................... 33 
3.1 Scrining of of the anti-M.s. positive strains ...................................................... 33 
3.2 Antibacterial activity assay of strains for scrining........................................... 35 
3.2 Isolation , purification and structure elucidation of compounds from strain 
Amycolatopsis sp. LZ149............................................................................................ 37 
3.2.1 Fermentation of strain LZ149......................................................................... 37 
3.2.1.1 Fermentation media ........................................................................................ 37 
3.2.1.2 Fermentation time ........................................................................................... 37 















extracts from LZ149 ................................................................................................. 38 
3.2.3 Isolation and purification of 30%MeOH fraction ........................................ 40 
3.2.3.1 Isolation and purification of Fra.1 from Fra.30%MeOH................................ 41 
3.2.3.2 Isolation and purification of Fra.2 from Fra.30%MeOH................................ 42 
3.2.3.3 Isolation and purification of Fra.4 ,Fra.6 from Fra.30%MeOH...................... 42 
3.2.4 Isolation and purification of 50%MeOH fraction ........................................ 43 
3.2.5 Isolation and purification of extracts from second frementation of strain 
LZ149 ......................................................................................................................... 44 
3.2.6 TLC analysis of compounds from strain LZ149 ........................................... 46 
3.2.7 Elucidation of compounds from strain LZ149 .............................................. 48 
3.2.7.1 Compound Y3-2.............................................................................................. 49 
3.2.7.2 Compound Y3-1.............................................................................................. 51 
3.2.7.3 Compound Y6-1.............................................................................................. 52 
3.2.7.4 Compound 149-1 ............................................................................................ 53 
3.2.7.5 Compound Y1-1.............................................................................................. 53 
3.2.7.6 Compound 149-2 ............................................................................................ 53 
3.2.8 Antibacterial activity analysis of Compound Y3-2 ....................................... 54 
3.2.8.1 Anti-M.s. MIC determination of compound Y3-2 .......................................... 60 
3.3 Isolation , purification and structure elucidation of compounds from strain 
Nocardiopsis sp. LZ43 ................................................................................................ 61 
3.3.1 Fermentation of strain LZ43........................................................................... 61 
3.3.2 Isolation and purification of extracts from LZ43 ......................................... 61 
3.3.3 Analysis of compounds from strain LZ43...................................................... 64 
3.3.3.1 Compound 43-1 .............................................................................................. 65 
3.3.3.2 Compound 43-2 .............................................................................................. 66 
3.3.3.3 Compound 43-3 .............................................................................................. 66 
3.4 Isolation , purification and structure elucidation of compounds from strain 















3.4.1 Fermentation of strain A88 ............................................................................. 66 
3.4.2 Isolation and purification of strain A88 ......................................................... 66 
3.4.3 TLC analysis of compounds from strain A88 ................................................ 69 
3.4.4 Elucidation of compounds from strain A88 ................................................... 70 
3.4.4.1 Compound A88-5............................................................................................ 71 
3.4.4.1 Compound A88-6............................................................................................ 74 
3.4.4.1 Compound A88-9............................................................................................ 75 
4. Conclusion........................................................................................................... 78 
Reference.................................................................................................................. 81 
Acknowledgements ............................................................................................... 92 

































（Micromonospora sp.）和 LZ43（Nocardiopsis sp.）进行大规模发酵，并用活性跟
踪的分离纯化方法对次级代谢产物进行分离纯化，寻找其中抗耻垢分支杆菌的活
性单体化合物并进行鉴定。 
从菌株 Amycolatopsis sp. LZ149 中分离并鉴定了 6 个化合物：化合物 Y3-2
为 sinderochelin A，化合物 Y3-1、149-1 为 sinderochelin A 衍生物；化合物 Y6-1
为 5-(3-hydroxy-2-pyridinyl)-4-methyl-pyrrole-2-carboxamide；化合物 Y1-1 为
2,5-dimethyl-isoborneol，是 2-甲基异冰片的衍生物；化合物 149-2 为联苯撑
biphenylene-1-carboxamide。其中活性成分为吡啶衍生物 sinderochelins。 
从菌株 Nocardiopsis sp. LZ43 中分离并鉴定了 3 个化合物：其中两个化合物
为安莎类抗生素 geldanamycin（43-1）和 17-O-demethylgeldanamycin（43-2），
活性成分为聚醚类化合物 nigericin（43-3）。  
从菌株 Micromonospora sp. LJXA88中分离并鉴定了 3个吲哚生物碱类化合物：
Fumitremorgin C（A88-5），12,13-dihydroxyfumitremorgin C（A88-6）和 verruculogen

















In recent years, global tuberculosis epidemic has showed a rising trend with the 
generation and dissemination of drug-resistant Mycobacterium tuberculosis 
strains(MDR-TB and XDR-TB). On the other hand, the widely used clinical drug was 
rifampicin, which was discovered in 1963. During the last 50 years, no drug with a 
new target turned into first-line clinical medicine for tuberculosis, from this point,   
looking for new compounds against TB was still a challenge for the pharmaceutical 
research. 
In this thesis，Mycobacterium smegmatis was choosed as an indicator bacterium 
of biological activity. 68 positive strains were screened from 570 strains belonging to 
14 genera of actinomycetes after two turns of screening, the screening result showed 
that positive strains rate was 61.5% and 40.0% for Amycolatopsis and 
Nocardiopsis,respectively, followed by Micromonospora and Streptomyces (9.7%). 
Secondary metabolites from three positive strains（Amycolatopsis sp. LZ149, 
Nocardiopsis sp. LZ43, Micromonospora sp. LJXA88） were fermentated and separated 
based on the bioactivity guided seperation in order to find the compounds with 
activity against Mycobacterium smegmatis. 
Six dicyclopeptides were elucidated from strain Amycolatopsis sp. LZ149：
Compound Y3-2 was identified as sinderochelin A, compound Y3-1 and were 
identified as derivative of sinderochelin A; compound Y6-1 was identified as 
5-(3-hydroxy-2-pyridinyl)-4-methyl-pyrrole-2-carboxamide; compound Y1-1 was 
identified as 2,5-dimethyl-isoborneol; compound 149-2 was identified as 
biphenylene-1-carboxamide. The activite dicyclopeptides were identified as 
sinderochelins. 
Three dicyclopeptides were elucidated from strain Nocardiopsis sp. LZ43: two of 















17-O-demethylgeldanamycin（43-2）. The activite dicyclopeptides were identified as 
nigericin (43-3). 
Three dicyclopeptides were elucidated from strain Micromonospora sp. 
LJXA88.Three of them were identified as indole diketopiperazine alkaloids: including 
FumitremorginC（A88-5）, 12,13-dihydroxyfumitremorginC（A88-6）and verruculogen
（A88-4 and A88-9）. The activite dicyclopeptide of this class was Fumitremorgin C. 
 
 




























NMR Nuclear magnetic resonance（核磁共振） 
MS Mass spectrometry 
δ Chemical shift（化学位移） 
J Coupling constant(耦合常数) 




dd doublet of doublet 
dt doublet of triplet 
m multiplet（多重峰） 
ppm part per million 
DEPT     distortionless enhancement by polarlization transfer 
HMBC     Heteronuclear multiple-bond correlation（碳氢远程相关） 
HSQC     Heteronuclear Single-Quantum Coherence（异核相关） 
COSY     Correlated spectroscopy 
mg milligram 
μg microgramme 
Rf Relative mobility 
RP-18 Reversed-phase octadecyl silica gel（反相硅胶） 
r/min revolutions per minute（转/分钟） 
TLC Thin layer chromatography（薄层层析） 
MTT Methyl Thiazolytetrazolium（甲基四唑蓝）  
PBS phosphate-buffered saline（磷酸缓冲液） 




















MDR-TB Multiple-drugresistant tuberculosis（耐多药结核菌） 
HTS High throughput screening（高通量筛选） 
HIV Human immunodeficiency virus（人类免疫缺陷病毒） 
DAD Diode-array detection(二极管阵列检测) 
UV Ultraviolet（紫外） 
ESI Electrospray ionization（电喷雾） 
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